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(54) Estimation of constellation size for adaptive modulation system 



(57) In the present invention, a modulation level 
estimation unit calculates the square error of the mini- 
mum value of distances between each signal point 
received at a modulation level ML and the signal point of 
a received signal at each modulation level ML A 
received power measurement unit measures the 
received power level of the received signal. A modula- 
tion level estimation unit calculates the value obtained 
by multiplying the square error calculated at each mod- 
ulation level ML, by a weighted calculation from both a 

/■TRANSMITTER 101 (SA) 



threshold power level tor' switching the modulation level 
ML and the received power level as a likelihood value at 
each modulation level ML Then, the modulation level 
estimation unit estimates a modulation level ML corre- 
sponding to the maximum likelihood value of all the like- 
lihood values at the modulation level ML as a 
modulation level ML of the received signal, without 
transmitting any codewords on the used modulation 
level. 
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Description . : - . 

Background of the Invention 
5 Field of the Invention 

[0001] ' The present invention relates to an adaptive modulation method which can be applied to a mobile communi- 
cations system; and more particularly to an adaptive modulation method for changing a modulation level based on a 
channel power 'gain/ 

Description of the Related Art 

[0002] In digital communications, particularly in mobile communications systems, it is widely known that line quality - 
(such as a bit error rate) significantly degrades by variations in the received signal-to-noise ratio (SNR) due to fading. 
is This phenomenon occurs when signal waves are affected by delayed signal waves including scattered signal waves. 
That is, the amplitude and the phase of a signal varies with time. The fading varies occur in the range of several tens of 

dBs. ' . . * ' \ _ . ' - " • ; - - - - •> . - . \ • ; 

[0003] . The modulation method which' is not adaptive* to a fading channel (hereinafter referred to as a nonadaptive 
modulation method) is a method with which a modulation level (and a transmission power) is fixed. If this modulation 

20 method is applied, a fairly large link margin must be secured in order to maintain the channel quality allowed by the sys-.* .. 
tern in a time penodduring which the signal level drops due to fading (deep fades). To secure the link margin, for exam- 
pie, a strong error correction which trades off a transmission bandwidth' must be applied. Namely, the system to.which 
the non-adaptive modulation method is applied is effectively designed forthe worst case channel conditions.- Accord-. . * 
ingly, wrm such a system, the channel capacity over fading r 

25 [0004] In recent years, an adaptive modulation method intended to efficiently utilize the capacity over a fading channel 
has been actively studied and developed. . , ' '. 

[0005] The.bit error rate performance of a modulation method depends on the distance between signal points imple- 
mented with the modulation method, 'that is. on Eb/No (or Es/No). This is common to any modulation methods. 
[0006] Also an. error correction technique intended to improve channel quality is a technique for regularly extending 

30 the distance between signal (Mints by using redundart bhs. 1 ' c " \ ' 

[0007] In fading.charinels, the probability' of occurrence.of theWorst conditions is considerably small . That is, commu- 
nications are made under the condition better than the maximum bit error rate allowed by the system in most of the total 
time. Accordingly, an optimum transmission can be realized by performing control so that the required bit error rate is 
maintained with an adaptive change of a transmission power level; a transmission symbol rate, a modulation level, a 

35 coding rate, or their combination," depending on a channel condition:- This is the principle of an adaptive modulation 
method. .... , .. , . 

[0008]' . Adaptive modulation techniques provide high average spectral effectively by transmitting^ at high data rates with... 
higher modulation levels under favorable channel c»nditionsrarkd : reducirig throughput via lower modulation levels or . 
transmission-pff as the channel degrades. ' " 

40 [0009] The measurement of' the channel condition can be performed by the instantaneous received SNR and the 
average received SNR. ' ' ' ■ ■ • - * ■ . 

[0010] Fig. 1 A shows the principle of the adaptive modulation method: In this figure, x(i) is a transmission signal output 
from a transmitter 1001 at a station A which is a first station; y(i) is a received signal received by a receiver 1003 at a 
station B. which is a second station opposing the station A; g(i) is'a time-varying gain due to fading, and n(i) is an acldi- 

45 tive white Gaussian noise (AWGN).. ( 

[001 1 ] For a bidirectional communications system; two sets of the system shown in Fig: 1 A,' which has reverse trans- 
mission directions, are included. 

[001 2] If the channel 1002 is a channel on which the fading of the link in the first direction (from the T station A to the 
station B) correlates with that of the link in the'second direction (from the station B to the station A), for example, a TDD - 

so (Time Division Duplex) channel, the following control operations are performed. ' " 

[0013] A channel estimating unit 1006 within the.receiver 1003 at the station-B on thefirst'direction link estimates the 
power gain of the channel 1002, and notifies of the estimated channel irrforrriation a demodulator/decoder unit 1007'. 
within the receiver 1003 at the station B. The demodulkbr/decoder uhrt 1007 demodulates/decodes the received signal 
y(i) received from the first direction link after equlizatioh based on the estimated "channel information. Furthermore, the 

55 channel estimating unit '1006 within the receiver 1003 at the station B notifies an* adaptive modulator/encoder unit 1004 
within the transmitter i 001 at the station B on the second direction link, of the estimated channel information (or the esti- 
mated information obtained by applying an extrapolation-interpolation to the* estimated power gain). The adaptive mod- 
ulator/encoder unit 1004 sets the modulation level information according to the notified estimated channel information, 
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and sends the transmission signal x(i) along with the modulation level information to the second direction link on the 

channel 1002. . 
[00141 The channel estimating unit 1006 within the receiver 1003 at the station A on the second ejection ink esti- 
mates the power gain of the channel 1002, and notifies of the estimated channel information , the demodu <f ^coder 
unit 1007 within ttie receiver 1003 at the station A. The demodulator/decoder unit 1007 demodulates the 
received signal y(i) received from the second direction link after eulization based on the estimated channel information. • 
Additionally the channel estimating unit 1006 within the.receiver 1003 at the station A ncMhe 
tor/encoder unit 1004 within the transmitter 1001 at the station A on the first direction link, of the estimated channel 
information {or the estimated information obtained by applying an extrapolation -interpolation to the e^irm^ed power 
qain) The adaptive modulator/encoder unit 1004 sets the modulation level information according to the notified esti- 
mated channel information, and sends the transmission signal x(i) along with the modulation level m^rrnatipn to the first 
direction link on the channel 1002. ^ . 

r0015] In this way, a reciprocating transmission of the modulation level information can be implemented. 
0016 In the meantime, if the channel 1002 is a channel on which the fading of the first direction link does not corre- 
late with that of the second direction link, for example, an FDD (frequency Division Duplex) channel, M following con- 

trol operations are. performed. . .-,* >; • ;? . : - ,. _^ .. ^ „ / 

[00171 First of all. the channel estimating unit 1006 within the receiver 1003 at the station B on the first d.rection link 
estimates the power gain. of the channel 1002. and notifies,* the e^irmte^channel information he demcdula- 
tor/decoder unit 1007 within the receiver 1003 at the station B. The demodulator/decoder unit .1007 demodu- 
lates/decodes the received signal y(i) received from the first direction link after - 
channel information. Additionally, t the channel estimating unft.1CW6.wMn ithereceryer 1003 at the station B feeds back 
its estimated channel information (or the estimated information obtained by applying an f^'f^ rte ^°" * 
the estimated power gain) to the adaptive modulator/encoa;er unit, 1,094 within the transmrtter 1901 ^own rn Fig. 1 A) 
at the station A on the first direction link by-using a feedback channel : i008 for the first direction link. Jhfe adap^ve mod- 
ulator/encoder unit 1004 setsthe fedback modulation level information., and sends the transmission signal x(i) along- 
with the modulation level information to the first direction link on the channel 1 002. . 

[0018] Also the second direction link requires -exactly me same feedback mechantsm as.thardescnbed above. . 
[0019] In Rg. 1A. a transmitting power control unit 1005 wimin,the.trans^ : 

K^^Bexe^« me signal point "arangeVn^ '^^W^^B^^ can 

be selected by the adaptive modulator/encoder unit 1004 within the transmitter 1001 and the demodu ^or/decoden Unit 
1007 S ^eVeceiverlOOS. As the modulation ^ethopls. QP^K (Qu>dri-Phase S^Keying;, 1 6p^(1 6 Quadrature ; 
Amplitude Modulation), 64QAM, etc. can be selected.-. . s-r^r^V^.^ 

[0021] Since, the adaptive modulation method requires, 1he.p#cess.ng unit for adaptive^ afrttolhng ^ Ration 
method as described above; it has the trade-off between. the pen^pance and the complexity unlike the non-adaptive 

r0O22r°wrthfabove described cpnventional adaptive nKK^atipn method, the modulation level information set*tt y ; 
the adaptive modulator/encoder unrt .1004 wimin.metra^ be adders a cor^olsignal on the trans^ 

mission signal x(i) sent by the transmitter 1001 . as stated before. Therefore, the transmission efficiency degrades. ; 
[0023] This control signal must be sent every state .change period (such as every normalized maxtnium fading fre- 
quency) Because an error of the control signal causes the entire received information for one period (one block) to be 
lost ^ trie error rate of the control signal must be decreased to a fairly low level. Accordingly, the conventional adaptive 
modulation method requires also the redundancy for correcting an error of the control signal... 

[0024] Up to now, also the method for preventing the transmission efficiency from decreasing by embedding the mod- 
ulation level information in the control signal (such as a preamble) used foranotner purpose; and (not by estimating but) 
by demodulatingthe control signal on a receiving side has been proposed. This method, however, Imposes a restriction 

on the pattern of the control signal, which leads to a lack of generality and universality. ■ . 

[0025] During such an adaptive modulation, .shown as a.in Fig. 1 A, and when an adaptive pdwer control is performed 
in such a way ttat the instantaneous Es/Nos, that is,,BERs (bit error rate) become the same;, the transmission- efficiency 
of a single user is optimized. In this case, however, there is a problem in that with a cellular system, etc., mter-cell inter- 
ference increases and the channel capacity significantly ^degrades. .. . • - ■ ™. imaH ac 
[0026] Therefore: h-a system, such as-a cellular system, etc.. where a high density of base stations .s ^umed. as 
shown as b in Fig. 1 , a method for.changing only a modulation level ML based on a channel power gain ,s effective. If 
such a method is adapted. averaged;transmitting,power (s/mbbl 5 can.been seen in Fig'. 1) becomes ^constant regard- 
^Tla^ML inthe previous application J^'nese Patern Application Np.10^70797. the = m 
likelihood estimation is performed assuming that adaptive power cpntrol .s employed For thjs reason, the '"vention 
described in the previous application could n 9 t be wlied.to the method of changing only "a modulat.cn level ML based 
on a channehpower-gain. .... ■ :. f . ^ ■ ■- , ,<-/•■■ 
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Summary of the Invention 

[0027] The present invention was developed in the background described above, and an object of the present inven- 
tion is to avoid the degradation of the transrnission efficiency of signals without transmitting a control signal from a trans- 
5 mitting side, particularly by enabling the maximum likelihood estimation of the modulation level ML on a receiving side 
in an adaptive modulation method of changing a modulation level ML based on a channel power gain. Another object 
of the present invention is to enable this invention to be used in the system described above, where power adaptation 
is employed, without any problems. 

[0028] The present invention assumes a radio transmission technology for adaptively changing a modulation level ML 
io according to channel condition. 

[0029] The first aspect of the present invention has the following configuration. 

[0030] First, the squared error of the minimum value of distances between each of the signal points to be received at 
the modulation level ML and the signal point of a received signal is calculated at each modulation level ML 
[0031] The receiving power level of the received signal is measured. 
is [0032] Then, a value obtained by rhultiplying the squared error calculated at each modulation level ML by a weight 
calculated from both a threshold for switching a modulation level ML and the received power level, is calculated as a 
likelihood value at each modulation level ML 

[0033] Then, a modulation level ML corresponding to the maximum likelihood value of the likelihood values at the 
modulation levels Mils is estimated as the modulatibri level ML of the received signal. ~ 
so [0034] The second aspect of the present invention- has the following configuration. 

[0035] First, the squared error of the minimum value of distances between each of the signal points to be received at 
the modulation level ML and the signal point of a received signal is calculated at each modulation level ML 
[0036] The average throughput of the received signal is measured. 

[0037] Then, each of thresholds for switching the modulation levels MLs is changed based on the average throughput. 
25 [0038] The received power level erf the received signal ism 

[0039] Then, a value obtained by multiplying the squared error calculated at each, modulation level ML by a weight 
calculated from both a threshold for switching the modulation level' ML and the received power level, is calculated as a 
likelihood value at each modulation level ML .•'•-' 

[0040] Then, a modulation level ML corresponding to the maximum likelihood value of the likelihood values at the 
30 modulation level ML is estimated as the modulation level M L of the received signal. 
[0041] The third mode ijtf the present invention has the following configuration. * 

[0042] First, the squared error of the minimum value of distances between each of the signal points to be received at 
the modulation level ML ana" the signal point of a received signal is calculated at each modulation level ML , 
[0043] The received power level of the received signal is measured. • - ' 

35 [0044] . The average throughput of the received signal is measured.' 

[0045] Then, a Value obtained .by multiplying the squared error calculated at each modulation level ML by a weight 
calculated from both a threshold for switching the modulation level ML arid the' received power level, is calculated as a. 
likelihood* value at each modulation level ML - " " ' ' - 

[0046] Then, a modulation level ML corresponding to the maximum likelihood value of the likelihood values at the 

40 modulation levels MLsis estimated as the modulation level ML of the received signal.- 

[0047] According to the present invention, in either ah adaptive modulation method for changing only a modulation 
level ML based on a channel power gain or an adaptive modulation method for performing a power adaptation in addi- 
tion controlling the modulation level ML the maximum likelihood value of a modulation level ML can be estimated on a 
receiving. side by not transmitting a contrbi signal to a transmitting side. 

45 [0048] According to the present invention, in a channel condition in which the average throughput is not improved, 
communications in which the average throughput is maintained constant at the cost of the bit error rate can be realized. 

Brief Description of the Drawings • ~ 

so [0049] One skilled in the art can easily urd'erstand' additional features and objectsof this invention from the descrip- 
tion of the preferred embodiments and some of the attached drawings. In the drawings: 

Rg. 1 explains the principle of an adaptive modulation method. 

Rg. 2 shows the system configuration of a preferred embodiment of the present invention. 
55 Rg. 3 shows an example of threshold CNR vs BER performances in the preferred embodiment of the present 
invention. . . ... ' * 

Fig. 4 explains distances between signal points (16QAM)* 
Rg. 5 shows transmission formats.*' : 
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Fig. 6. shows the configuration of a first preferred embodiment of the estimation unit. 
• Fig 7 explains the performances of the preferred embodiment of the present invention (fdTs = 0.001). 
Fig. 8 explains the performances.of the preferred embodiment of the present invention (fdTs = 0.0001 25) >; 
Fig. 9 shows the configuration of a second preferred embodiment of the receiver. ; .; v 

Fig. 10 shows the configuration of a third preferred embodiment of the receiver. 

Description of the Preferred Embodiments » 

[0050] The preferred embodiments of the present invention are described, below with reference to the drawings. . " , 
( System Configuration of a Preferred Embodiment of the Present Invention) - . , . . 

[0051] Fig 2 shows the system configuration of a preferred embodiment of the present invention. 
[0052] In this embodiment and in order to simplify, a TDD (time, division duplex) system is targeted in which there is 
a correlation between the fading of a first direction (from station A (#A) to station B (#B)) link and the fading of a second ^ 
direction (from station B to station A).. » ■ . . . \ ,. - ; j, , . . • . .. . 

[0053] An adaptive modulator/encoder 104 of a transmitter 101 in station A executes encoding and modulation proc- 
esses corresponding to a plurality of modulation levels MLs. . - . - _ 
[0054] A modulation level decision unit 105 ofthe transmitter 101 ;in station A decides the rnodulat.pn. level ML of a f t 
signal to be transmitted, based on both an average received power 7r reported from a received power measurement un.t 
1 09 of a receiver 1 03 in station A and a threshold CNR y ML at each modulation level ML, and reports rt to a data selector ( 

1 06 of the transmitter 1 01 in station A: . : . ■ • r . " " . • . • * 

[0055] The data selector 106 of the transmitter 101 in statioaA selects a modulation signal among modulation signals ^ ^ 

at each of the modulation levels MLs outputted from the adaptive, modulator/encoder, 104 which correspond.ng^p #e. ( . ^ 

modulation level ML reported from the modulation level decision unit 105. and transmits it to a correlation channel 1 02 . f 

as a transmitted signal for station B. ,~. - v * . . * ^ , : -v. , 4 . : -.. . 

[0056] A pilot-symbol-assisted channel estimation unit A 08 of the receiver 1 03 in station B (#B) estimates the power 
gain of the correlation channel 102 based on a pilot symbol, which is a known symbol. received : over the correlation . , 
channel 102 and reports the calculated estimati^ . ; - 



[0057] The demodulator/decoder 107 executes a demodulation/decoding process corresponding to each modulation .^. r 
level ML of the received signal based on the estimation inforniation. At this time, the demodulator/decoder 107 cajcu* ^ 
lates the squared error dV of the minimum value of distances between data to be decoded in each process, arid&sjg v . 
nal point to be received at the modulation level ML, in each demodulation /decoding process corresponding tojjach 

35 modulation level ML. and reports each d 2 ML to a modulation levelestimation unit 1 10 of the receiver 103 in station B. 
[0058] The received power measurement unit 109-of Hie -receiver 103 in station B ; measures an average received. r 
power Yr in each of the prescribed measuring sections of the received signal, and reports it to both the modulation Level 
estimation unit 1 10 of the receiver 103 in station B and the modulation level decision unit. 105 of the transmitter. 101 in i ^ 
station B * ••* .■* ' r ■■ j, . ' i 

40 [0059] The modulation level estimation unit 1 10. of the receiver^ in stolon B estirrates the maximum likelihood r 
value of the modulation level ML of the received signal, based^on both ^squared error d 2 w L at.each of the modulation .. 
levels MLs reported from the demodulator/decoder 107 and, an average received power Yr reported from the received 
power measurement unit 109. and reports the estimation result to.a data selector 111. , ^ ■ 

[0060] The data selector 1 1 1 of the receiver 103 in station B selects decoded data among .the decoded data at the 

45 modulation levels MLs outputted from the demodulator/decoder 107 which corresponding to the modulation level ML 
reported from the modulation level estimation unit 110. and outputs.it as a received signal.. 

[0061 ] The transmitter 1 01 in station B generates a signal to be transmitted to station A using the same operation that 
the transmitter 1 01 in station A uses, and transmits it to a correlation channel. At this time, the modulation level dec.s.on 
unit 1 05 of the transmitter 101 in station B determines the modulation level ML of the transmission s.gnat. based on berth 
so an average received power Yr inputted from the received power, measurement unit 109 of the receiver 103 in station B 
and a threshold CNR Yml at each of the modulation levels MLs. - - ... : . . . - 

[00621 The receiver 103 in station A decodes the received signal used the same operation that the receiver 103 in 
station B uses. At this time, the received power measurement unit 109 of the receiver 103 in station A reports the aver- 
age received power Yr measured for the received signal to the modulation level decision unit 105 of the transmitter 101 

55 in station A •;..•» . ' v :• 1 

[0063] In this way, bi-directional communications with a TDD can be implemented. 
' [0064] However, rf a communication system where a channel wtthno correlation between fading in both directions is 
used, such as an FDD (frequency division duplex) system, there is no difference between a TDp system and an FDD 
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system, since lading can be handled by providing a feedback channel in a form shown in Fig. 1 . - . ■ - • - 
(Principle of the Present Invention) - 

5 [0065] Before the detailed configuration and operation of the preferred embodiments of the present invention with the 
system configuration described above are described, the principles of the present invention are described. 

(1) The present invention focuses attention on a difference in an average CNR (camer-to-noise ratio) at each mod- 
ulation level ML ' * * ; - 

io A square-QAM modulation' method with a fixed symbol interval Ts is studied. An M-level modulation method 

where a modulation level ML=M has N signal points (N=2* ) and, implicitly, has a throughput of M bit/symbol. 
Each modulation method is assumed to-have a Nyquist data pulse (B^l/Ts) such that an average Es/No equals 
an average SNR (signal-to-noise ratio). Assuming that in such a modulation method a fading compensation is 
made in the receiver 103 shown in Fig. 2, control of the modulation levels MLs based on the average CNR of the 

75 received signal is studied. 

For example, in each of four modulation methods, that is, transmission-off (ML=0), QPSK (ML=2), 16GAM 
(ML=4) and 64QAM (ML=6), an average CNR is calculated as 7qpsk = s2/ct n • Tigqam = 55 ^n 2 a*** 
r 64QAM =218 2 /ct n 2 . respectively, except in a transmission-off case. Here, 28 and a N 2 are the minimum distances 
between signal points (Euclidean distance) and a variance of an additive white Gaussian noise, respectively. The 

20 transmission-off mode is selected H a signal power or the average CNR of received signals is quite low. A theoret- 
ical averaged BER (bit error rate) in each' modulation mode can be derived from this average CNR. . , 

As clearly seen from an average CNR value at each modulation level ML described above, rf the ratios of a dis- 
tance between' signal points to a noise are the same; that is, if the Es/Nos are the same and the average BERs are 
the same, average CNRs : at each modulation level ML are not identical: Specifically, when the average CNR of 

25 received signals is observed, it is sufficient to conduct communications using a modulation method at a modulation 
level ML corresponding to the observed average CNR in order to maintain the BER performance larger than a cer- 
tain target BER (or to maintain the BER performance at a' certain target BER). 

Fig; 3 shows an exafnple of threshold "CNR vs BER performances at each modulation level ML "in the preferred 
embodiment of the present invention. As seen from Fig. 3, when a BER is fixed to an arbitrary target BER, a ratio 

30 of average CNRs between modulation methods, that is, a QPSK (ML=2), a 16QAM.(ML=4) and a 64QAM (ML=6) 
becomes S/a N 2 vs 58/a N :2 vs 21 S/a N 2 = 0.048 vs 0.24 vs 1 V Therefore, in order to maintain the BER of the 
channel larger than the target BER, first, for example, in a 64GAM modulation method the absolute value y of an 
average CNR T64Qam such that the BER equals the target BER, is calculated, and this absolute value y is desig- 
nated to be the threshold of an averaged CNR for switching over a 64QAM modulation method and a 1 6QAM mpd- 

35 ulation method (threshold CNR t64Qam)- Tne". a n absolute value 0.24y obtained by murtiplying ; the switching CNR 
y64QAM = y by 0:24 is designated to be the threshold of ah average CNR for switching over a 16QAM modulation 
method and a QPSK modulation' method (threshold CNR^^qam)- Furthermore, an absolute value 0.048y obtained 
by multiplying 'the switching CNR T 64QAM = Y by 0.048 is designated to be the threshold of an average CNR for 
switching over a QPSK modulation method and a'trahsmission-off mode (threshold CNR.yQ PSK ). For example, by 

40 using three threshold CNRs y.* 0.24y and 6.048y obtainec! in this way, the following control is implemented at trans- 
mission. First, an average CNR at a receiver is observed. Then, it the observed average CNR is higher than y, a 
transmission by a 64QAM modulation method is employed. If the observed average CNR is between threshold 
CNRs 0.24y and y, a transmission by a 16QAM modulation method is employed. If the observed average CNR is 
between threshold CNRs 0.048y and 0.24y, a transmission by a QPSK modulation method is employed. If the 

45 observed average CNR is lower than a threshold CNR 0.048y, a transmission is turned off, according to the system 
regulations, or a transmission by a QPSK modulation method is employed. 

When the adaptive modulation controlling operation described above is applied to a TDD system, first an aver- 
age CNR is observed by a received power measurement unit 109 in each receiver 103 as the observing operation 
of an average received power y r . The' observation result is obtained by- a modulation level decision unit 105 in each 

so transmitter 101 and a modulation level ML is also decided by the modulation level decision unit 105 in each trans- 
mitter 101 based on a threshold CNR y ML sA each modulation level ML ' J- 

With such a transmitting method, a control that sets the average transmitted power of a generated signal to a 
predetermined value is incorporated in each of the dynamically selected modulation methods described above. In 
the example shown in Fig. 2. the control is incorporated iri an adaptive modulator/encoder 104 of each transmitter 

55 104, 

* * By. changing in this way only a modulation level ML based on a channel gain, this adaptive modulation method 
can be applied to a system, such as a cellular system, etc., where base stations are in close proximity. Since not 
only a CNR, but also another signal power standard can also be applied by using a simple conversion equation, an 
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Eb/No, Es/No, SNR, etc* can also used as a received power. 

A pilot-symbol-assisted estimation technique is widely known as a compensation method for received level var- 
iations due to fading (for example, g(i) in Fig. 1 ). Coherent phase detection can be achieved by using this technique 
in a fading by embetting pilot symbols in transmitted signals at intervals shorter than the Nyquist interval of a max- 
imum fading frequency. Although the lost signal power can never be recovered by using any techniques, the relative- 
values in an amplitude modulation method can be compensated by using this technique. Specifically, if a pilotsynv 
bol is designated to be a signal point with the maximum amplitude, only the relative position of a transmisston signal 
point for the maximum amplitude can be compensated. ■ - ^ . . ■ 

As coherent phase can be detected by a fading compensation, the data has both amplitude information and a 
noise corresponding to the instantaneous SNR. Then, the accumulated squared error d? ML of the distance for 
appropriate symbols (L symbols) between each receivedsignat and nearest signal point to be.received.at the mod- 
ulation level ML is calculated in each demodulation/decoding process corresponding to each modulation level ML. 



Fig 4 shows diagrams of the principle of the squared error dV described above in a ; 16Q /^modulation method. 
The value being subtracted (the second term) on the right-hand side of. equation <1) isihe value of the s.gnal near- 
est to'the actually received signal point r(i) of signal points to-be. received.at,the modulation level ML. 

■ Under the condition that the average power of signals to be transmitted is constarrt.as described ^earher. when, 
the received signal is demodulated aMhe same level as in is on the transmitting side corresponding to Received 
signal the squared error d 2 ML at the modulation level MUpalculated according to„equation (1) should theoretically 
be 0 Of the noise is 0). However, if the received signal is. demodulated at a modulation^ ML differenyrpip.that 
of the transmitting 5 side corresponding to therreoeived^gnal.^the squared error .0%. at the L n^ulation.leyel ML 
should have some offset with a variance. i -w, nc * * ■ c y - * - : = ■ • - : m: ^ \s 

Therefore, it is appropriate that the squared. error d? ML calculated; according to. equafcon.(l), in-each dernodu- ; 
lation/decoding process at each modulation level ML is use4 to, estimate a modulation level ML on a receiving, side^. 
Qualitatively a modulation level ML corresponding to^the niinimum; value of the squared, error d ML calculated 
according to equation (1) in each demodulatiorVdecoding process at each modulation level ML is a modulatipn leve^ 
ML estimated on the receiving side. *:,*£■::*. i-v ." - -v , . ■ .« • 

■ > As described earlier.on a transmitting side modulation levels MLs are switched based on the average, ^P^ived 
CNR at a receiving side> Therefore, by applying a weighting .to a Received level, more accurate informatipn should 
be able to be obtained. In the present invention, since, as described earlier, a threshold CNR YML for swito^mg^mpd- 
ulation levels MLs has a relatively constant ratSq. if as described;eartier, a reference .(for example, the.a^solirte value 
7 ) is determined, the relative values (forexample, o.24y/0,048y,describe^ 

Taking into consideration these points, the likelihood tfuncjion for. each modulation level ML js defined as fol- 



lows. 



where f(YML. y r ) «s a weighting function and is proportional to, a distance between a threshold pNR 7ml at each 
modulation levelML and an average received power y. T of the.measuring duration (L symbol duration) of received 
data This function yields a reliability. An asterisk T denoted an operator. One. example of an operator js multipli- 
cation Since a likelihood function X^ L - can-also be used. for. e Relative value comparison, the westing I function 
f(YMi v ) can be a constant value in a<specific modulation method. Qualitatively, this weighting function f( YML , y r ) 
works in such a waythat the lower an SNR. the lower $e modulation ..level ML; and the higher the SNR, the higher 

the modulation level ML. , 

* ■ As described above, in the presentjnvention, a modulattonJeyel.ML corresponding to the maximum likelihood 
rvalue of likelihood functions J^s corresponding to the .modulation level.ML is used as an estimated result of a 
receiving side. - 1 "» . >'■" '■■ ' : • : 
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The maximum RkeJihood estimation method described above is effective not only for an adaptive modulation 
method for changing only a modulation level ML based on a channel power gain (or a rate adaptation), but also for 
an adaptive modulation method for both a power adaptation and a rate adaptation. In this case, the weighting func- 
tion Kyml. Yr) of equation (2) works effectively (since equation (1) is the same for all MLs). 

(2) Maintaining an average throughput constant is an essential factor in a communication system For example, in 
a CBR (constant bit rate) service, etc., of an ATM (asynchronous transfer mode) communication method, maintain- 
ing an average throughput constant is an absolute requirement. The adaptive modulation method performs a rate 
adaptation to provide a modulation level ML suitable for the channel condition in order to maintain channel quality 
to be constant. " - ' .'- * ' • 

Particularly, in the case of an adaptive modulation method of performing an adaptive control according to the 
change of an instantaneous value, although a constant BERA/ariable rate can be achieved instantaneously (or in a 
short term), there is no guarantee against variation for a long term. Therefore; a constant BER/constant rate is 
implemented by controlling the transmission power so that an average received power can be maintained constant 
over a long duration (a plurality of blocks). Although this transmission power control does not increase interference 
as much as transmission power control following an instantaneous value (see Fig. 2), there remains a certain 
amount of interference. This is especially true for the average received power of mobile terminals on the edge of a 
cell because the transmission power of these terminals is fairly large. - 

Even in the case of the above described instantaneous adaptive control is taken into account, an adaptive con- 
trol system in which a variable BER/ constant rate can be implemented over a long duration can be considered rea- 
sonably. This is a system in which there is' no transmission power control. Although this does not guarantee a, 
constant average BER over a long duration, a constant-average throughput (transmission rate) is guaranteed. For 
example, although this system doesnot guarantee a required BER-fbr mobile terminals on the edge of a cell, the 
transmission rate is controlled and maintained at a constant value specif ied in the system: To be more specific, this, 
system measures an average throughput on a transmitting side for a correlation channel, and measures it on a 
receiving side for a non-correlation channel! Then, wherfthe average throughput is below than a certain threshold, 
(a) the. instantaneous throughput is increased (the instantaneous BER increases) by shifting each threshold CNR 
upward or (b) the modulation level ML is not changed, even rf'a? received signaUeve! is lower than a threshold CNR. 

. Here, the control method (a) is studied. First, since the same average throughput measuring algorithm is imple- 
mented on both a transmitting side and on a receiving side where a modulation level ML is estimated, a control in , 
which the same threshold CNR is used for each block on both the transmitting side and on the receiving side is per- 
formed. Since the same criterion is applied to both the transmitting side and the receiving side. Information does 
not need to be transmitted on a threshold CNR for each block because of a known parameter. The likelihood func- 
tion X. ML at each modulation level MU expressed by equation (2), is modified as follows. 

/. X = f (y^itilk(i)) : (3) ' •• . .'• = 

, where a threshold CNR at each modulation' level MU YML(b |k (D) is the threshold CNR of the i-th block which is 
given to maintain an average throughput constant. - '~ 

(3) In the above (2), a control in which the same threshold CNR is used for each block both on a transmitting side 
and a receiving side is performed. Here, although the same average throughput measuring algorithm as that on the 
transmitting sidejs implemented on the receiving side, as in- (2), the threshold CNR at each modulation level ML 
Ymu is not changed for each block, arid the weighting "based on an average throughput to-be measured on the 
receiving side is given to the likelihood function )X'm L at each modulation level ML expressed by equation (2). Thus, 
the likelihood function k ML at each modulation level ML given by equation (2) is modified as follows. * ' • 

X = k (2xZJc(i), ML) * f (Y^/; Yr> : * d «z- 'V ''(4) 



, where K(blk(i). ML) is a weighting function for the i-th block for maintaining a currently used modulation level ML 
in order to maintain an average throughput constant. In other words, a weighting factor works in such a way that 
the likelihood of the used modulation level ML increases. ! " ' . > 
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[0066] For example, when an average throughput is maintained constant, the weighting function is as follows. 

k (blkii) , ML) ='1 (for all ML) (5)-..- 



[0067] However, when an average throughput is not maintained constant, the weighting function for the currently used 
modulation level, or that for higher modulation levels than the used modulation level in the condition that a higher, mod- 
ulation level can be set against to the channel condition, is given as follows. . 

- k (jblJc(i), ML) .< X (for a certain ML) (6) . 

Since the value of the likelihood function ^ L decreases as the 'likelihood jocr eases, according to equation (6), ,rt is prob- 
able that the currently, used modulation level ML or a modulation level MLhigher than it will be selected. 
[0068] Fig. 5 compares the conventional method and the transmission format of the. present invention on a transmit- 
ting side A control signal for fading compensation, etc, is not included. It js assumed.he.re that the est.mat.on symbol 
length and the frame length are L and N FL , respectively, and that N FL ,s L . Furthermore, in.the format of the conven- 
tional method, shown in Fig. 5A. the modulation level control signal of data length N Ml ; is interpolated for each duration 
to change a modulation level ML (for example, a normalization fading frequency) in addition to the informatipr^signal^of 
the frame length N FL ,. However, the present invention<Joesn1.use : this modulation levej.control signal, and pnlythe infor- 
mation signal of the frame length.N FL modulated ; at a modulation level ML corresponding to a channel condition is, trans- 
mitted According to the present invention . a i. modulation., level. ML can be estirnated on a receiving side from the 
information signal based on the likelihood function Hal defined by equations (2). (3) and [fyatp data can be decoded 

without a reference signal. . ?, ; ; * n.-c > - ^ -v. i> . .; . ^. ■- * . ;•• ^^a^ 

[0069] Each of the preferred embodiments of the preset invention based.on theoperation principle described above 

is described. - - ~ ■ J :*>,-t • . . — *> j' ; - • ~\ ' 

{First Preferred Embodment of the Present Invention) . : ^ \- *. . .-„.■■! 

[0070] Rg. 6 shows the configuration of the first preferred erribodiment of the receiver 103 showri in' Fig. 2. Compo- 
nents referred to in Fig. 6 using the same identification numbers used in Fig. 2 also have the same functions. 
[0071 ] First a QPSK demapper 506. a 1 6Q AM demappers 507 and a 64QAM demapper 508 execute demodulation 
/decoding processes at each of modulation levels ML=2, 4 and 6 corresponding to' each demapper for a received signal 
frame 501 of each frame length N FL (see Fig. 5B) received through a N FL delay circuit 502. Temporarily store each L 
symbol portion (see Fig. 5B) of each demodulated data of the frame length N FL in L delay circuits 510. 511 and 512. 
These delay circuits, 510 through 512. are circuits for adjusting an.L symbol portion.^ a delay require^ for the estima- 
tion process at a modulation level ML when estimation units 503 through ,505, described next. ^ ( 
[0072] Then a QPSK estimation unit 503, a 1 6QAM estimation unit 504 and a 64QAM estimation unit 505 calculate 
likelihood funciions ^ PSK . ^ibqam and WM^odulationJevels ML.2, 4 and 6,cor respond! ng ^ to.^ch estimation 
unit for each L symbol portion (see-Fig. 5B) of the received signal frame, 501 received through the N FL delay arcurt 502 

according to equation (2).. ? j : - • .. ^ . \ r i ■• l . h ^ fc - inWift - 

[0073] Then a minimum value selector 509 selects a likelihood function with the minimum value of likelihood functions 
J^opsk. %.i6QAM and ^4QAM. and has data selector 1.11 output the output of an L delay circuit (any one of unrts 510 
through 512) corresponding to the minimum value as a demodulated signal. 51 3- . , 

[0074] When an average received power I>0 (or an approximation of rtj is reported by a received power measuring 
implement 109, a transmission-off detection unit 514 detects a transmission-off. 

[0075] Here the detailed calculating operations of each of the likelihood functions, Xqpsk- \i6qam and ^64Qam. 
according to equation (2) in the QPSK estimation unit 503. 16QAM estimation unit 504 and 64QAM estimation unit 505 
are described 

[0076] FM squared errors, d 2 ML =d 2 OPSK .d 2 i6qam ^ ^ 64qam equation (2), can be 

ess demodulating operation process. from, the QRSK demapper 506..16QAM demapper. 507 and 64QAM demapper 

508 *' ' " * " ■*' * ' 'j ' " ' * * *■' ** * •• 

[0077] Then, the received power measurement unit 109 in the receiver 103 shown in Fig, 2 calpulates the average 
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CNR equals the average received power y r in equation (2) for calculating each weighting function f(yM L .r r ) using the 
following equation. 



-(7) 



FL 



jo , where y ,<i) is the instantaneous value of the received power of each symbol in a frame with frame length N FL . 

[0078] then, from weighing functions f(y ML ," y r ) = f(y Q psK. r r )- f (Y isoam- Y r ) a nd, (Y 6 40AM. T r ) in equation (2), a 
good estimation performance of a modulation level ML can be obtained according to equations (8) through (10) and by 
defining a join operator as a multiplication operator. ' 



15 



f (Y 



0PS1C' 



(8) 



so 



. (9) 



25 



30 



(10) 



, where y is the maximum vaiue of a threshold CNR, that is, Jthe absolute value of y 6 4QAM- 
35 [0079] As a result, the QPSK estimation unit 503, 16QAM estimation unit 540 and 64QAM estimation unit 505 can 
calculate likelihood functions Xq PS k. ^isqam and ^64qam based on an average received power y r reported from the 
received power measurement unit in the receiver 103 (equation (7)) and equations (11) through (13) obtained from 
equations (8) through (10) and .equation (2), 



40 



9 T j2 

a, 



QPSK 
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45 



SO 
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^S\QAM ~ 1 



d 1 
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16 QAM 



(12) 



. (13) 



[0080] ft is seen from the equations above that in this preferred embodiment, each likelihood function can be calcu- 
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lated withput measuring a noise level. For. example, it can be measured from only a received signal strength indicator 
(RSSI). . 

[0081 ] For example, if (y /y) £ 1 , the likelihood function is 64GAM (ML=6); ti1>(y r ly)Z 0.24 , the likelihood function 
is 1 6QAM (ML=4) ; if 0.24 > (y r ,y) * 0.048 , the likelihood function is QPSK (ML=2); if 0.048 > (y Jy) . the transmission 
s is turned off. In these cases, the modulation level ML has favorable performances when a=0.6 and p=8.0. 

[00821 Furthermore, when the threshold CNR is set to a value that is 2dB less (x 0.6). and H (y /y)* 0.6 , the likeli- 
hood function is 64QAM. and if 0.6>(y r/ y) * ^0.14, the likelihood function is 16QAM (ML=4), if % 
0.14 > (y /f) * 0.029 , the likelihood function is QPSK (ML=2). and if 0.029 > (y ,/y) . the transmission is turned off. In 
these cases, the modulation level ML shows a favorable performances when a=0.6/0.6=1.0 and p=8.0*0.6=4.8 , as in 

io the cases above. - * < . * * - . • . •: .• . .. \v * .. . 

[0083] If the average noise levels of both the transmission and reception are the same, it is clear that since a meas-_ . 
urement symbol duration can be adequately taken over a long duration (for example, the above frame, length N^, the 1 ■ 
ratio of a threshold level to a received signal level (f A) is the same as an estimate^ average channel gain (g f J in one 
block, as given in equation (14). Therefore, if an estimated channel gain (g(i)) can be obtained a certain method, the 

is modulation level ML can be substituted by the following equation. 

* ""FX. * 

SO 



[0084] If the average received power in a duration longer than a variation is constant when an instantaneous value 
25 varies it is also clear that an average throughput can be maintained constant by setting threshold values (relative and 
fixed value) corresponding to the average received power, but only when the received signal level variations can be reg- 
ulated by some probability density distribution. 

[0085] Here, a simulation is assumed for a Rayleigh fading channel. Although in a practical system, path loss or a 
shadowing is superposed, these factors can be omitted since the estimation method of a modulation level ML. accord- 
30 ing to this preferred embodiment, only-tollows a received signal level. ^ w- ? . * - 

[0086] Fig 7 shows both an estimation error rate (EER) performance and a bit error rate performance in an effective 
block assuming that a=1 .0. p=5.0, a maximum threshold CNR/average power ( 5 ) ratio of 0.6, an average throughput 
of 4.8 bit/symbol in the following case: 

35 Modulation.methcxl transmission^^ . " ' ' " •/ . . 

Numbers measurement symbols: 30 J: v.;r ,-. : ■■ ■, . u -. .. • : r 

Normalization fading,frequency (fdts): 0.00 1., . ^ ,* . / ' . . . , , :r; - ,.. -i. '. ■ ». \ 

[0087] Fig. 8 shows both an estimation error rate (EER) performance and a bit error rate i performance'^ an effective 
40 block assuming that a=1 .0, p=5.0, a maximum threshold CNR/average power ( 3 ) ratio of 0.6. an averaged throughput 
of 4.8 bit/symbol in the following case: ' , . *" 

Modulation method: transmission -off/QPSK/1 6QAM /64QAM 
Number of measurement symbols: 60 
45 Normalizing fading cycle (fdTs): 0.000125 

[0088] As clearly seen from these diagrams, an estimation accuracy with a low CNR satisfying BER=10' 2 which is 
higher in quality by more than three digits in an SNR and is 5dB or more greater in an SNR ratio for information brts. 
was obtained. This means that a frame error rate (FER) due to an estimation error has no influence on the BER of infor- 
mation signals in the case of a frame of N FL =1000 bits. Considering that with the approximately conventional method 
where modulation level signals are transmitted using control bits, a considerable degree of redundancy ts required and 
a significant reduction of transmission efficiency cannot be avoided, it is clear that a system conforming to this preferred 
embodiment is superior. For example, even when control signals are regularly transmitted in a QPSK which provides a 
channel with the highest quality in an SNR, under the conditions described above, the channel quality must be improved 
by 10dB or more. Implementation causes an increase in redundancy, and thereby implementation becomes unpracti- 
cable even if error correction is performed. 



so 
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< Second Preferred Embodiment of the Present Invention ) 

[0089] Fig. 9 shows the configuration of the second prefened embodiment of the receiver 103 in the system shown 
in Fig. 2. Components referred to in Ftg. 9 using the same identification numbers used in Fig. 6 also have the same 
5 functions. , 

[0090] ' In the configuration shown in Fig. 9. a QPSK estimation unit 503. a 16QAM estimation unit 504 and a 64QAM 
estimation' unit 505 implement the calculation of each of "the likelihood functions, Xq PS k* ^qam and *64Qam. based on 
equation (3).. . 

[0091] In Fig. 9, an average throughput measuring instrument 801 calculates an average throughput for each pre- 
70 scribed block Wk(i), based on both a received signal 513 outputted from a data selector 1 1 1 and a transmission-off sig- 
nal outputted from a transmission-off detection unit 514, and reports the arranged to a threshold CNR calculation unit 
802. . 

[0092] Tne threshold CNR calculation unit 802 reports each of the threshold CNRs, Yml^'MO^Yqpsk^CO) ■ 
V i6QAM( b,k (')) and y 64QAM (blk(Q) corresponding to the average throughput reported for each block blk(i), to the QPSK 

is estimation unit 503, 16QAM estimation unit 504 and 64QAM estimation unit 505, respectively. 

[0093] Each of estimation units 503 through 505, for example, calculates each of the likelihood functions Xopsk- 
*i6QAM and 1*4qam. based on equations (11) through (13), respectively In this case, information reported from the 
threshold CNR calculation unit 802 to the QPSK estimation unit 503, 16QAM estimation unit 504 and 64QAM estima- 
tion unit 505 consists, of only the absolute value y^KD) corresponding to the average throughput reported for each 

20 block Wk(i). * . ' ' ' : : : " 

< Third Preferred Embodiment of the Present Invention) ' "" 

[0094] Fig. 10 shows the configuration of the third preferred embodiment of the receiver 1 03 in the system shown in 
25 Fig. 2. Corrponents referred to in Fig. 10 using the same identification numbers used in Fig. 6 relating to the first pre- 
ferred embodiment of the present invention, or in Fig. 9 relating to the second preferred embodiment of the present 
invention also have the same functions. 

[0095] In the configuration shown in Fig.; 10.' a QPSK estimation unit 503. a 1 6QAM estimation unit : 504 and a 64QAM 
estimation unit 505 implement the caiculation of each of the likelihood functions. X^psk; Msqam and *64oam. based on 

30 equation (4). .... , ' ,...*.'"?. \ ., ' / ' " * J 

[0096] In Fig. 10, an average throughput measuring instrument 801 calculates ah average throughput for each pre- 
scribed block blk(i), based on both the received signal 513 outputted from the data selector 1 11 and a 1 transmission-off 
signal outputted from the transmission-off detection unit 514, and reports throughput to a weighting function calculation 
unit 901. . .. .... 

35 [0097] The weighting function calculation unit 901 reports each of the weighted' functions, 

K (blk(0, ML) =K(Wk(i). QPSK), K(blk(i), 16QAM) and ic(b!k(i). 64QAM) corresponding to an average throughput 
reported for each block blk(i) to the QPSK estimation unit 503, 16QAM estimation unit 504' and 64Q AM estimation unit 
505, respectively. 

[0098]. Each of estimation units 503 through 505, for example, calculates each ol the likelihood functions Xq PSK , 
40 X-16QAM and X©4QAMt respecrtivety 1 ,by .nfnittiplying eath of the right-hand- side of equations (1 1) through (13) by each of 
the weighted functions described above. ' . \ , ' ' . ' 

Claims .... .. . 

45 1 . A radio transmission method for flexibly controliirig' a modulation level according to conditions of transmission 
paths, comprising the steps of; , . . . . * ' , '" ' 

calculating a square error of a minimum value of distances between each signal point to be received at a mod- 
ulation level and a signal point of a "received signal for each modulation level; ! ' 
measuring a received power level of a received signal; 

calculating a value obtained by multiplying a square enpr calculated at each modulation level by a weighted 
calculation from both a threshold power level for switching a modulation' level and a received power level as a 
likelihood value at each modulation level; and 

estimating a modulation level conesponding to a maximum likelihood value of all the likelihood values at each 
modulation level. . . . , 

2. A radio transmission method for flexibly controlling a'mbdulation level' according to conditions -of transmission 
paths, comprising the steps of: '" ' - v.. . « -■ ■ 
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calculating a square error of a minimum value of distances between each signal point to be received at a mod- 
ulation level and a signal point of a received signal for each modulation level; 
measuring an average throughput: of a received signal; . ,. ( 

changing each threshold power level for switching each modulation level, based on the average throughput; . • 
measuring a received power level of a received signal; . 
calculating a. value obtained by multiplying a square error calculated at each modulation level by a weighted .. 
calculation from both a threshold power level for switching a modulation level and a received power level as a ;; 
likelihood value at each modulation level; and , 
estimating a modulation level corresponding to a maximum likelihood value of all the likelihood values at each r 

modulation level. . . :- . 

A radio transmission' method for flexibly controlling a modulation level according to conditions of transmission 1 
paths, comprising the steps of: - - ; . ■- ■ -.,,*-.. 

calculating a square error of a minimum value of distances between each signal point to be received at a mod- 
ulation level and a signal point of a received signal for each modulation level; . v * . 
measuringareceived power level of a received signal; : 
- measuring an average throughput of a received signal;. ... . , - • ■ ... . . 

calculating a value obtained by multiplying a.square error calculated at each modulation level by a weighted 
calculation from both a threshold power level for switching a modulation level and a average throughput as a 
likelihood value at each modulation level; and 

estimating a modulation level corresponding to a maximum likelihood value, of all the litejihood values at each 
modulation level. 

A radio transmission system for flexibly controlling a m^ulalion level according to, factions of transmission paths, 
comprising: t '- :. . -\ • ; . j : ; • . -."..r^ • ; v *. « . ' 

. a circuit (506. 507,- 508) for calculating a square .error of a^minimurn value of Ranees between each sfgnal 
point to be received at a modulation leyeYand at a signaljwirt d a receives! signal .at each riiodulabon level; 
a circuit (109) for measuring a received power level of a received signal; 1 " " ' * " ? 

a circuit (503 504, 505) for calculating a value obtained by f rpultiplying a square error calculated at eacti mod- 

• ulation level by a weighted calculation fromWh a ; thrBshpld fewer (eyel foh^tching.a modulation level and 
an average throughput as a likelihood value at each ( rrKidu!ation Ijpvel; and " " 

a circuit (509) for estimating a modulation level corresponding to a maximum likelihood Value of all the liWeh- 
• hood values. at each, modulation level. ■ - L . n. ; . ..o . ^ nr,.;:-. , - r y; 

A radio transmission system for flexibly controlling, a modulation level accordjr^g tocor^jfions of fransmissidn' paths, 
comprising: - , t , . 

a circuit (506, 507, 508) for calculating, a square error of a niinlmurrv. value of distances between each signal 
point to be received at a modulation level and a signal point of a received signal for each modulation level; 
a circuit (801 ) for measuring an average throughput of a received signal; 

a circuit (802) tor changing each threshold power level for switching a modulation level, based on an average 
throughput; 

a circuit (109) for measuring a received power level of ai received, signal;. 

a circuit (503 504 505) for calculating a value obtained by multiplying a square error calculated at each mod- 
ulation level by a weighted calculation from both a threshold power level for switching a modulation level and 
. an average throughput as a likelihood value at each modulation level; and r , , 
a circuit (509) for estimating a modulation level : corresponding i to ^ maximu.m likelihood value of all the likeli- 
hood values at each modulation level. . - t 

A radio transmission system for flexibly controlling a modulation level according to conditions of transmission paths, 
comprising: ... * 

a circuit (506 5uV! 508) for calculating a 'square error of a minimum value of distances between each signal 
point to be received at a modulation level and a signal point of a received signal for each modulation level; 
a circuit (109) for measuring a Teceived power level of a _ received signal; ; . . ... _ o 

a circuit (901) for reporting weighted functions ccWesponding to a reported average throughput; •* J 
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a circuit (801) for measuring an average throughput of a received signal; 

a circuit (503, 504, 505) for calculating a value obtained by multiplying a square error calculated at each mod- 
ulation level by a weighted calculation from both a threshold power level for switching a modulation level and 
an average throughput as a likelihood value at each modulation level; and - 

a circuit (509) for estimating a modulation level corresponding to a maximum likelihood value of all the likeli- 
hood values at each modulation level. * 
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